The Richtmyer-Meshkov instability after reshock is investigated in shock tube experiments at the Wisconsin Shock Tube Laboratory using planar laser imaging and a new high-speed interface-tracking technique. The interface is a mixture of helium and argon (50 % each by volume) stratified over pure argon. This interface has an Atwood number of 0.29 and a near single-mode, two-dimensional, standing wave perturbation with an average amplitude of 0.35 cm and a wavelength of 19.4 cm. The incident shock wave of Mach number 1.92 accelerates the interface before reflecting from the shock tube end wall with M = 1.70 and accelerating the interface in the opposite direction. The amplitude growth after reshock is reported for variations in this initial amplitude, and several amplitude growth rate models are compared to the experimental growth rate after reshock. A new growth model is introduced, based on a model of circulation deposition calculated from one-dimensional gas dynamics parameters. This model compares well with the amplitude growth rate after reshock and the circulation over one-half wavelength of the interface after the first shock wave and after reshock.
Introduction
The Richtmyer-Meshkov (RM) instability [1, 2] occurs when an interface separating two densities is accelerated by a shock wave. If the density gradient at the interface is misaligned with the pressure gradient of the shock wave, vorticity will be deposited baroclinically causing interface deformation and mixing. This mixing becomes important during the compression of an inertial confinement fusion (ICF) fuel capsule [3] , behind the shock wave of a supernova [4] , and as a mechanism for mixing fuel in hypersonic, air-breathing propulsion [5] .
In all of these applications, knowledge of how the instability develops over time and the role certain parameters play in the instability is of current interest. One way of identifying the relevant physics in the RM instability is to develop models based on well understood concepts, such as linear stability theory or buoyancy and drag, and compare their description of the RM instability to experimental and numerical results. Additionally, multiphysics codes used to simulate high energy regimes, such as those during ICF or supernova explosion, need experimental data for validation. Experiments on the RM instability provide useful test cases for the hydrodynamic component of these codes.
In the RM instability, the interface is unstable to shock acceleration in both the light-to-heavy and heavy-to-light shock wave propagation directions. In the former, the baroclinically deposited vorticity will cause perturbations on the interface to grow in amplitude. In the latter, the vorticity will cause the perturbations to first decrease in amplitude, reverse phase, and then grow in the opposite direction. Both of these cases can occur in a shock tube, where the shock wave interacts with the interface, reflects off the end wall, and then interacts with the interface a second time while traveling in the opposite direction. This second interaction is termed as reshock.
Shock tube experiments of the RM instability after reshock are appealing because the interface is nearly stationary after reshock, allowing the interface to be viewed in the same window for a longer period of time. When the shock wave initially travels in the light-to-heavy direction, the perturbations will immediately start to grow in amplitude; thus, depending on the configuration of the shock tube, the amplitude of the perturbations can be much larger by the time of reshock. When the reflected shock wave passes through this larger perturbation, the vorticity deposited will be much greater in magnitude than that from the first shock interaction, resulting in amplitude growth rates that can be several times larger than prior to reshock. Further detail on the physics of the RM instability after reshock is provided by Schilling et al. [6] .
Previous shock tube experiments investigating the RM instability after reshock have obtained full field images using either planar imaging [7, 8] or schlieren [9, 10] . The amount of data collected for each experiment is limited by the laser pulse rate or the camera frame rate. The present work uses two continuous laser beams to acquire high-speed amplitude measurements. This new method has two advantages: data can be taken with higher temporal resolution and the measurements are taken in the same plane and simultaneous to planar imaging. The experimental results are compared with models and simulations. Additionally, a new model is introduced to estimate the growth rate of a single-mode perturbation based on an estimate of the circulation around one-half wavelength of the interface using one-dimensional gas dynamics.
Experimental setup
The experiments are performed at the Wisconsin Shock Tube Laboratory [11] . The shock tube is vertically oriented, downward firing, and is 9.13 m tall. The driver section is 2.08 m long and has an inner diameter of 0.472 m. The driven section has a square internal cross-section with 0.254 m sides. A metal diaphragm is placed between these two sections, which ruptures when the pressure in the driver is sufficiently high, releasing a shock wave into the driven section. Piezoelectric pressure transducers mounted along the shock tube side walls are used to trigger the controlling electronics and to measure the shock wave speed.
The interface is created in the shock tube by flowing pure argon gas from the bottom and a 50-50 % volume fraction mixture of helium and argon from the top (just below the diaphragm) [12] . The gases meet to form a stagnation plane and exit through slots in the shock tube due to a pressure differential provided by a vacuum pump. The slots are located 1.0 m above the end wall and centered in a pair of rect- Fig. 1a . In Fig. 1b , a modal decomposition of the edge-detected perturbation is shown. This shows that the perturbation is dominated by a single mode. For consistency, the amplitude, η, will refer to one-half of the spiketo-bubble vertical distance and the wavelength, λ, will refer to twice the spike-to-bubble horizontal distance, where the spike refers to the top of the perturbation (heavy gas protruding into light gas) while the bubble refers to the bottom of the perturbation.
Before the experiment begins, the driver is filled to 85 % of the diaphragm rupture pressure. The final 15 % of the necessary driver pressure is provided very rapidly by opening two high-pressure (15 MPa) boost tanks using pneumatically driven, fast-opening valves. These valves open approximately 300 ms before the desired standing wave occurs at the interface. This is timed so that the shock wave and the desired initial condition coincide. The long length of the shock tube ensures a planar shock wave by the time it reaches the interface. The incident Mach 1.92 ± 0.01 shock wave transmits
